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The s t a g e  and one ha l f  (SOH) launch v e h i c l e  i s  a 
space  s h u t t l e  which c a r r i e s  about 90% of i t s  p r o p e l l a n t  i n  
t w o  expendable tanks.  The r e s t  i s  included i n  t h e  so -ca l l ed  
core t h a t  a l s o  con ta ins  t h e  engines ,  t h e  c r e w  systems, and, 
f o r  t h e  r e t u r n  t r i p ,  t h e  recovery and h e a t  p r o t e c t i o n  systems. 
I n  most c o n f i g u r a t i o n  s t u d i e s  t h e  v e h i c l e  i s  s i z e d  t o  c a r r y  
a nominal payload weight t o  l o w  e a r t h  o r b i t .  I f  some or  a l l  
of t h a t  payload were of f loaded ,  then ,  upon r each ing  o r b i t a l  
cond i t ions  a f t e r  launching with a normal  p r o p e l l a n t  loading ,  
s o m e  of t h a t  p r o p e l l a n t  would s t i l l  be a v a i l a b l e  f o r  o r b i t a l  
maneuvering. I n  t h e  following t h e  r e l a t i o n s h i p  between 
payload and o r b i t a l  AV i s  evaluated.  

Analyses and Resu l t s  

The c a l c u l a t i o n s  are based on t h e  SOH v e h i c l e  and 
weight  s c a l i n g  model g iven  i n  Reference l.* Computations w e r e  
c a r r i e d  o u t  f o r  3 v e h i c l e s  having nominal payloads of 1 0 , 0 0 0  
l b s ,  25,000 l b s ,  and 50,000 l b s  t o  1 0 0  nmi e a s t e r l y  o r b i t  

2 0 , 0 0 0  l b s  w a s  assumed ( t h i s  does no t  i nc lude  h e a t  p r o t e c t i o n  
systems, d e o r b i t  p r o p e l l a n t ,  and o t h e r  c o r e  systems which 
scale as i n  Reference 1). Emphasis he re  i s  on t h e  re la t ive  
performance c a p a b i l i t i e s  of  t h e  t h r e e  d i f f e r e n t  payload c lass  
v e h i c l e s ;  t h e  a b s o l u t e  va lues  of AV and payload are s e n s i t i v e  
t o  t h e  f i x e d  weight and s c a l i n g  assumptions. 
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The r e s u l t s  are shown g r a p h i c a l l y  on F igu re  1 i n  * 
which t h e  AV c a p a b i l i t y  i s  p l o t t e d  ve r sus  t h e  payload. I t  
may be seen t h a t  t h e  1 0 , 0 0 0  l b  payload v e h i c l e  provides  a 
AV c a p a b i l i t y  up t o  2 , 0 0 0  f t / s e c .  This  AV c a p a b i l i t y  i n c r e a s e s  
t o  almost  4 , 0 0 0  and over  5,500 f t / s e c  f o r  t h e  25,000 and 
50 ,000  l b  payload launch v e h i c l e  r e s p e c t i v e l y .  

*The s c a l i n g  l a w s  used i n  Reference 1 apply t o  v e h i c l e s  whose 
i n t e r n a l  payload con ta ine r s  a r e  s i z e d  t o  payload d e n s i t i e s  of 
about  10-20 l b s / f t 3 ;  they a r e  not  v a l i d  f o r  core  v e h i c l e s  ca r ry ing  
a l a r g e  volume of low dens i ty  i n t e r n a l  payload such as l i q u i d  
hydrogen. A v e h i c l e  which i s  designed t o  c a r r y  50,000 l b s  of 
hydrogen i n t e r n a l l y  would have cons iderably  less on-orb i t  man- 
euver ing  c a p a b i l i t y  than  ind ica t ed  here in .  
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For comparison purposes t h e  A I 7  c a p a b i l i t y  of t h e s e  
same v e h i c l e s  w a s  computed f o r  t h e  case of an a u x i l i a r y  pro- 
p e l l a n t  tank  be ing  s u b s t i t u t e d  fo r  t h e  off- loaded payload and 
t h a t  p r o p e l l a n t  used t o  do  t h e  o r b i t a l  maneuvering. I t  w a s  
found t h a t  f o r  a tank  i n e r t  f r a c t i o n  of s l i g h t l y  less than  
.1 t h e  AV c a p a b i l i t y  i s  about t h e  same a s  fo r  t h e  case g iven  i n  
F igu re  1. 
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